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WE DRAG

MACH

NUMBERSOF 1.5AND2.0

ByJ. RichardSpabrandRobertR. Dickey

Wind-tumneltestswere$erfomedat Machnumbersof1.5and2.0to
investigatetheinfluenceof-tailsu@acesonthebasedragofa body
ofrevolutiontithoutloattailingandhavinga turbulentboundarylayer.
Thetiilsurfaceswereofrectangularplanformofaspectratio2.33andhad
a symmelxical,circular-arc,airfoilsection.Theresultsoftheinvesti–
gationshowedthattheadditionofthesetailsurfaceswiththetrailing
e@gesat ornearthebodybaseincurreda largeincreaseinthebase-
dragcoefficient.Fora cruciformtailhavinga 10-percent-thickairfoil
sect$on,thisincreasewasabout70percentata Machnumberof1.5and
35 percentata hkchnumberof2.0. As thetrailingedgeofthetail
wasmovedforwardorrearward ofthebaseby aboutonetail-chordlength,
thebase+ag incrementwasreducedtonearlyzero. ‘lMeincrementsin
base+lragcoefficientduetothepresenceoflo-percent-thicktail
surfacesweregenerallytwicethoseforfiercent-thicksurfaces.The
base-dragincrementsduetothepresenceofa.crucifozmtailwereless
thantwicethosefora planetail.

An estimateofthechangeinbasepressureduetothetailsurfaces
wasmade,basedona simplesuperpositionoftheairfoil-pressurefield
ontothebase-pressurefieldbehindthebody. A comparisonoftie.
resultswiththeexperimentalvaluesindicatedthatinmostcasesthe
trendinthevariationofthebase-dragincrementwithchangesintail
positioncouldbe predictedby thisapproximatemethodbutthatthe
quantitativeagreementatmosttaillocationswaspoor.

INTRODUCTION

Thepressureactingonthebaseofa bodyofrevoluti~f-g ~t
. supersonicvelocityis ofconsiderableimportsmcebecausethebasedrag.

can,insomecases,be morethanha~ ofthetotaldrag.Numerous
wind-tunnelandfree-flightinvesti~tionshavebeenperformedto
determinethenmgnitudeofthebasepressureat varioussupersonic
Machnunibers.A comprisonoftheresultsoffourindependent
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investigationswithbodiesofrevolutionwithout“boattailingandwith
turbulentboundarylayers(references1,2,3, and4) is shownin
figure1. Thedatafromrefermces1 and2 wereobtainedinwind
tunnels,andthosefromreferences3 and4 weremeaswedinfreeflight
bymeansoffiringsina ballisticsrangeandofrocketlaunchings,
respectively.Figure1 showsthatthebase-f)ressurecoefficiemtsfrom
references1,2,and3 areinessentialagreement,,whereasthecorre-
syondlngresultsfromreference4, forwhichtailsurfaceswerepresent
onthebody,areconsiderablymorenegative.On thebasisofa uniform
pressuremeasuredoverthebaseduringthelattertests,itwasconcluded
inreference4 thatsuchdifferenceswerenotdueto thepresenceoftail
surfacesneazthebodybase. Instead,itwassuggestedthatthese
~ferencesmaybe duetothesmall.dynamicscale(R,1 to 5 tillion) of
mostwind-tunneldatacomyaredtothatofreference4 (R,16to
1.10million),althoughthe,resultsofreferencek showedno effectof
Reynoldsnmber onthetas~essure coefficientovertheReynolds
numberrangetested.h reference5, cliff6rences’h base+ressure
resultsbetweenwind-tucnelandfree41ighttests.areattributedto the
effectsofthereflectedmodelbowwavem thewind-tunnelmeasurmts.
Hbwever,themorerecentresultsofreferance1 showthattheresults.
ofthatreferencepresentedinfigure1 wereindependentofReynolds
numlerandwerenotaffectedby reflectedshockwaves.Itappears
therefore.thatthedifferencesshowninfigure1 maybe causedby the
presanceoftailsurfaces.SincetheWiling edgesofthetailsur-
facesarellocateda-bthebaseofthebody,andsincethepress~esmar,
thebailingedgeofthetailat zeroangleofattackarelessthanthe
free-streamvalues,theinteractionofthispressurefieldwiththeflow(
behhd thebasemayresultina reductionofthebasepressureand,hence,
h an IncreaseinthebasOdrag.

Thepresentinvestigationwasundertakentomeasuretheeffectof
tailsurfacesonthebasepressureofa bodyofrevolutionh anattemyt
toresolvethedifferencesbetwemthebase+ressureresul.@indicated
infigure1. Itwas alsothe~urposeoftheinvestigationto detemnine
the%iation ofthebasepressuretithaxi~ locationofthetailsur-
faces,numberoftailsurfaces,andairfoilthicknessratio.
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lslhlematicviscosity

APPARATUS

WindTunnelandBalance

TheinvestigationwasconductedintheAmes”1–by 3<oot supersonic
windtunnelNo.1. !Chiswindtunnelisa closed-circuit,continuow-
operatzontunnelinwhichtheRemoldsnumbercanbevariedby changing
theabsolutepressureinthetunnelfromOn-ifth ofan atmosphereto
approximatelythreeatmospheres.A Machnumbervariationfrom1.2to
2.4isobtainedby adjustingtheshapecd?theflexiblesteelplates
whichformtheupperandlowerwallsofthenozzle.!l?hetunnel
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isequipyedwitha strain-gage@ye balanceformeasuringtheaerodynamic
forceson sting+w+yortedmodels. I

Thegeneralconfigurationandthedimensionsofthemodelareshown
in figure2. Thebodyconsistedofa l&caliber,tangent,ogivalnose
fo~owedby a cylindricalafterbody1.273inchesin diameter.Thefine-
nessratioofthebasicshort+odyconfigurationwas6.u. An additional.
cylindricalsectionwasavaitibleforinsertionbetweentheogivalnose
andtheafterbodywhichincreasedthefinenessratioto7.65.

Thetail finswereofrectmgularylanformandofsymmetrical
circular-arcatrfoilsectionwithmaximumthiclmessratiosof5 and
10percent.Thetailfinswereremovable,whichyermittedthemodelto
be testedbodyaloneorasa body-tailcombinationwitheithera plane
(tiin) or a cruciform(four+@ tail. IOngitudinalslotsinthe
cylindricalsectionofthebody~ermittedthe_&ailfinstobemovedfore
andaftinincreqmntsofone-fifththechordlength.b themostfor-
wsrdposition,thetrailingedgeof thetail’wasonechordlengthahead
ofthebodybase,andinthemostrearward position,thetrailingedge
ofthetailwasonechordlengthbehindthebodybase.

Themodelwasattachedtothebalancebymeansofa l/2–inch+iameter,
>tich-longsupportstingwhichwasan integralpartofthebody. The
ratioofthesupporttobodydiameterwasO.4andthesupportlengthwas
fourtzlmesthebodydiameter.Thisdesignwasselectedonthebasisof
theresultsofreferences1 and6 whichindicatethat,withthissu~port
ccmfiguration,theeffectsof suportinterferenceonthebasepressure
ofthebodyaresmall. fFigure2 b) showsthemodelwithcruciformtail
installedinthewindtuonel.Theplane-tailconfigurationwasinstafied
withthetailchordplaneparallelto theshort(1 ft)dimensionofthe
windtunuel.

FourO.03–@ch4iameterpressureorificeswerelocatedl/32inch
behindthebody.base.Theseorificeholesweredrilledr@iallyinto
thestingat45°fromtheplanesofthetailf- andwereconnectedto
a comonbas~essure line.A bas~essure surveyrakeoffive
O.03–inch4iemetersteeltubeswasusedduringmostofthetestrunsto
investigatetheuniformityofthepressureactingoverthebase.(See
fig.3.)

Theresultsofreference1 showthatthebasepressurecanbe
effectedby theintersectionandresultinginteractionwiththedead+ir
regionofthebody+oseshockwavereflectedfromthetumnelwalls.The
effectonthebasePresme isexcessiveif thisintersectionoccursat
a pointclosetothebase.Fortheshofimodellength,whichwasused

—.. -- _——.
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inallthetestsforwhichdataarepresentedherein,thehtersection
withthedead+irregionofthereflectedbowwaveata Machnumber
of1.5occur&datapproximately2.6dimetersdownstreamofthebase.
According to the repultsofreference1,thisintersectionis suffi–
cientlyfardownstreamthatthebas~ressureresultspresentedshould
notbe significantlyaffected.

.

TESTS

Testsat zeroangleofattackwereconductedwiththebodyalone
andwithbothplane–andcruciform-tailconfigurationsmountedonthe
bodyatvariouslongitudinalpositions.Thebody-tailccmibinations
weretestedwithboth> and10=percent-thicktailsections.In general,
theconfigurationstestedmployedtheshortbody(7.656in.long)
witha l/4-inch+idesaltbandplacedontheogivalnoseto insurelocal
transitiontoa turbulentboundarylayer.Edwever,severalrunswere
madewiththelongbody(9.562in.long)atM=2.O (whereno effectsof
shock+vereflectionsexist)to detezminewhetherornottheeffectof
thebody-nosepressmefieldonthehas~ressurewasappreciable.
Additionaltestswiththebodynosesmoothweremadetoinvestigatethe’
effectofthet~e ofboun~ layerapproachingthebase.

Base-pressuremeasurementsweremadebymeansoftheorificesin
thestingat tunneltotalpres~mescorrespondingtoa Reynoldsnuuiber
rangeof0.5x 10eto4.5x 10 atMachnumbersof1.5and2.0. Ih
additiontothepressuremeasuredby theorificesinthestingsupport,
thepressuredistributionoveronequadrantofthemodelbasewas
measuredbymeansofthepressuresurveyrakeduringmostofthetest
rms inordertodetemiinethevariationinthepressureoverthebase
area. Theresultsofthesepressure-distributiontestsindicatethat

‘ theaveragedeviationfromthemeanbas~ressurecoefficientwas*O.003,
which,as shownlater,isequalto theuncertaintyinthebas~essure
measurements.Allbas~ressurecoefficientshavebeemcorrectedfor -
theeffectofaxialstatic+ressurevariationinthewind-tunnelstreem.

Total-dragmeasurementsweremadeat onlythehighestReynolds
numberforMachnumbersofboth1.5and2.0.

Theprecisionoftheresultspresentedforthebase-presm.me
coefficienthasbeenccmputedfromtheuncertaintiesineachofthe
measuredquantitiesandinthecorrectionsduetothepressuregradi—
entsinthewind-tunnelstream.Itwasfomd thatthemajorerrorwas
duetotheuncertaintywithwhichthestieampressuregradientwas
kno~m. Othersourcesoferror,suchastieerrorsduetotheuncertatity-
inthereadingsofthemanometertubeswerefoundtohenegligible.It
isestimatedthatthetotaluncertaintyinthemeasuredbas~ressure
coefficientis*0.003. “

---- -—...—. . . . . . ._. ____. —-_____ &. ..__ . .._ ___ _.. _ ___ .._- -.. ___ ___
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ANALYSIS
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Theadditimoftailsurfacesnearthebaseofa bodyresultsina
changeh thepressuresinthisregion.onaccountoftheairfoilthick–
nessdistribution.Since(asindicatedinreference1)thebasepressure
islargelytheresultofthelocalstieamconditionsinthisregian,such
anaddi~ionwouldbe expectedto changethebasepressureofthebody.
Althoughthisbas~essure changeisnotmibjecttoaccurate&lytical
treaimentbecauseofthecom@exnatme oftheflowinvolved,calculations
havebeenmadecmthebasisof severalsimplifyingassumptionsinan
effortto obtainan estimateoftheorderofma~tude oftheeffectof
tailsurfacesandtheirpositionsonthebasepressureofa bodyofrevo-
lution.

Thesimplifiedflowfieldusedforthesecalculationsisshownin
figure4. I&cmtheresultsofreference1, itislmownthatanydis-
turbancewhichimpingesonthedead-airregioncanaffectthebase
Pressme. Hence,forthepresentanalysis,itwasassmedthatthe
bas~ressureticremmtduetothetailsurfacesisa functiononlyof
theaiHoilpressurecoefficientsat thebomxiaryofthedead+irregion
l(seefig.4). Itwasfurtherassumedthatthemagnitudeofthisincre-
mentis equaltotheintegratedaverageoverthesurfaceofthedead+ir
region(shadedareaoffig.4) ofthesepressurecoefficients.Since
theairfoilpressurecoefficientiszeroinreghn (1),thebas~ressure “
incrementisgivenby therelationship

~b J(+Pds
= s(l)+ ‘q2)

where(1)and(2)refertoregionsonthesurfaceofthedead+irregion
identifiedinfigure4. Theinclinedlinesemanatimgfromthetailsur-
faceinfigure4 repreflentlinesofconstantpressureforanairfoilin
~ifom two+imensionalflow,andfrcunthistwo-dimnsionalairfoilpres-
surefieldthe10M1 p~essureooeffioientsP at eachpointinre@on (2)
maybe obtainsdforuseintheforegoingequation.“Forthecalculations
perfomedinthepresentinvestigation,thesecond+rdersupersonic
ai&foil+ectiontheoryofreference7 wasusedto detezmiuethevari–
ationofpressurecoefficientalongthechordofthetailsurfaceand
hencetheentirepressurefieldaboveandbelowthetail.Forpurposes
ofthesecalculation,dimensionsofthedead+irregim wereobtained
fromschlierenphotographs.Itwasfoundina12.-casesthatthecon-
vergenceofthedead+irregionwasnegligibleandthatthelengthof
thisregionwasapproximatelyeqtiltothebasediameter.Thus,the
representationofthedead+irregionby a oylinderhaving“alengthof

/ onebasediameterisconsideredadequateintheapplicationofthe
prese@simplifiedmlysis. Thebase+ressureincreme~-bsduetothe
cruciformtailweretakenas twicethecorrespondingvaluesfortheplane
tail,sinceanyinteractioneffectsbetweentheverticalandhorizontal–
tailpressurefieldsareneglected.

.

—— .——
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Thequalitativeeffectsof suchvariallesas tailpositionand
numberonthebase-presstieincrementduetotailsurfacesare

apparentfroma considerationofthesketchoffigure4.“If thetail
weremovedwellforwardofthebase,theflowfieldbehindthebase
wouldbe entirelyfreeoftheairfoilpressurefield,thatis,region(2)
wouldnotexist,andno effectofthetailsurfacesonthebasepressure
wouldbe expected.A& tietailismovedrearward,an increasingportion
oftheflowbehindthebaseofthebodyis subjectedtothenegativepres—
surefieldat therearofthsairfoil,resultingh a corresponding
reductioninthebasepressure.As thetailismovedfartherrearward,
thepressuresinregion(2)becomeincreasinglypositiveanda positive
base+ressureincrementresults.OneeffectofMachnuniberonthebase-
pressureincrementduetotailsurfacesmaybe visualizedby considering
thelinesofconslxmtairfoilpressure(showninfig.4) tobe inclined
fartherrearwardas theMachnumberisincreased.As a resultofthis
increasedinclinationintheairfoilisobars,thebasepressureis
Influencedby”thetailsurfacesat tailpositionsfartherforwardthan
at lowerMachnumbers.Tm addition,theairfoilpressurecoefficient
at anychordlocationdecreaseswi& increasingMachnmber. On
basisofthissimplifiedanalysis,theneteffectofMachntier
base+ressureincrementduetothe~resenceof‘&etailsurfaces
resultofthesetwochangesintheairfoilpressure’field.

RESULTSANDDISCUSSION

?heprincipalresultsofthe~vestigationarepresentedin

the’
onthe
isthe

figures5 and6. Figure5 showsthevariationofbas~ressurecoef-
ficientwithReynoldsnuniberforvariousselectedtaillotatibns.The
measuredandestimatedincrementsinbase-pressurecoefficientresulting
fromtheadditionofplaneandcrucifomntailsoftwothiclmessratios
aregiveninfigure6 asa functionofthetailpositionalongthebody
axis. !lheemerimentalbase+n?essureincremmtsgiveninfigure6
correspmdto-themaximum
ThedragcoefficientsCL

u

pbpresentedinfigures5

Refioldsnumberofthe;ests,4.5&lllion.
correspondingtothebas~ressurecoefficients

and6 canbe obtainedfromtherelationship

~=-%

whichfollowsdirectlyfromthedef~ition

. %= (Po-~)~

. _—. ._ _. _.. _.. ___ _<,_- ___ -....—-.. _. .— —____ — —-– ——--–— —.. _. ___
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EHectsofReyaoldsNumber
.

Previous
that thebase

experimentalinvestigaticas(e.g.,reference1)haveshown
pressureactingona bodydependsuponthenatureofthe

boundarylayerapproachingthebase.Fora l.aminazzbowdarylayer,the
base~ressurecoefficientbecomesmorenegativewithincreasesin
Reynoldsnuniber.!l@ansitiontoturbulentflowisaccompaniedby a ~osi–
tiveincrementin thebas~ressurecoefficient.Thebasepressurethen
remainsconstantwithfurtherincreasesintheReynoldsnuder. The
~resemceoftailsurfacesona bodywouldbe expectedto induceat least
partialtransitionoftheboundarylayer,iflaminar.Consequently,the
determinationoftheeffectoftailsurfacesonthebasepressure
requiresa lmowledgeofthenatme oftheboundarylayerapproachingthe
base.

Limitedtestsofthemodelwithsmoothsurfacesshowedthatthe
basepressureofthebodyalonedecreasedcontinuouslywithincreasing
Reynoldsnumber,indicatinga laminarbowdarylayerapproachingthe
base. Forthebodyincauibinatlonwiththetailsurfaces,thebase–
pressurecoefficimtwasessentiallyindependentofReynoldsnumberbut
waslargerinabsolutemagnitudeby about0.03thanthecorresponding
valuesforroughnessaddednearthenoseofthebody.litromtheindi-
cationsoftheseresults,itisbelievedthatthetailsurfacesinduced
partialtransitionofthebodyboundarylayer,as expected.\

Theconditiaofmostpracticalinterestisoneinwhichtheflow
approachingthebasehasa fullydevelopedturbulentbowdarylayer.
Theresultsgiveninfigure5 showthatwithroughnessaddedtothe
bodynearthenosetoachievethisconditionthebase=pressurecoef–

~ ficientwasessentiallyldeyendentofReynoldsnumberaboveabout
2 millionforthebodyaloneandincontdnationwiththetailsurfaces.
Thisresultisinagreementtiththemeasurementsofreferemce1 which
showverylittlevariationofbase~ressureatReynoldsnumbersbetween
2 and16millionwhendifferentkindsofartificialroughnesswereused.
Likewise,thedataofreferences4 and7 showno effectofReynolds
nmiberbetween5 and100million.Thecomparisongiveninfigure7 shows
thatforthebodyalonetheresultsofthepresenttestsareinclose
agreementwithpreviousresultsobtitnedatReynoldsnumbersfromabout
2 to 16mi~ion. On thebasisofthiscomparisonandoftheresultsof
figure5,itappearsthatthebas~ressureresultsofthepresent
investigaticmmaybe applicabletobodieswithturbulentbouadarylayers
atReynoldsmmibers~eaterthanthosetested.Results(notshownherein)
obti~ed
surfaces
Reynolds

duringthis-investigationtithartificialroughnessonthetail
neartheleadfngedgeshowedno effectonthebasepressureat
numbersabove2 million.

.
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IffectsofTailLocation

Theresultspresentedinfigure6 showthattheadditionoftail
surfacestothebodyresultedina base+ress~ereduction(base-drag
increase)overmostofthe-ningeof-tailpositionstested.Thedecrease
inbase-pressurecoefficientwassmallforthetaillocatedwel.1forward
ofthebasebut,forthenormaltailposition,x/cSO, thischangewas
nearly,themax3mum,amountingtoabout70percentatl&l.~and35percent
atM=2.O.As thetailsurfacesweremovedtitofthisposition,the
base+ressureincrementdecreasedto zeroandbecamepositiveatthe
mostrearwardtaillocation.Thus,fortheK@ercentithickfins tested,
a largebody+as~ag redbtioncanbe realizedby theplacementoftail
finsaheadoforbehindthenormal‘taillocation(x/c~0).

Theresultsoftestsmadeata Machnumberof2.0withthe
cylindricalportionofthebodyetiendedabout1.6diameterp(longbody)
showedthesamechangesinbasepressureat an taillocationsaswas ‘
shownfortheoriginal(short)body. ThisagreementIndicateathatthe
effectofthebody-nosepressurefieldm thetailpressuresandhence
onthebasepressureisnegligibleandthattheresultspresentedmay
be aypliedtobodiesofrevolutionhavinglargerfinenessratios.

I
A comparisonoftheresultspresentedinfigure6 showsthata

s~lhr trendexistedbetweenthe’exper~talresultsandtheestimated
variationh bas~ressureincrementwithtailyosition.It appears
thatthequalitativeeffectoftailpositiononthebasepressureandthe
orderofmagnitudeoft+e~um bas-ag increasedueto theaddition
oftailsurfacescanbe predictedby theapproximatemethodused. 3bw–
ever,itis evidemtthatthemethodisinadequatefora quantitative‘
evaluatimoftheeffectoftailsurfacesonbasepressure,particularly
withthetaillocatedpartial.lybehindthebodybase.

Theresultsshowninfigure6 indicatethatforthepresentcon–
figurationthebase-dragincreasedueto tailsurfacesmaybe reduced
oreliminatedby theplacementofthetailbehindthebodybase. Ebwever,
itmightbe exyectedthatsuchan arrangementwouldbe accompaniedby an
increaseinthedragofthe’tailsurfacesbecauseoftheincreasedtail
areaexposedtotheairstream,andbecausea portionofthetail
(principallynearthetrailhgedge)islocatedIna reducedpresswe
fieldduetotheexpansionaromd thebaseofthebody. Theresultsof
limitedtestsmadetomeasurethiseffectshowedthatas thebailing
edgeofthetailwasmovedfromthebaseto onechordlengthbehindthe
base,thedragcoefficientofthetailsurfacesincreasedessentially

. linearlytithtailposition.Forthel(l=percent-tickcruciformtail,
forexample,thechangeinthetaildragcoefficient(basedonthebody
frentalarea)correspcmdfngto thismovementwasabout0.10atM=l.5

. and0.08atM+2.o.Theseresultsindicatethatintermsofthetotal
drag,thefavorableeffectofmovingthetailfrom x/c= O to–1.0 is

. -— . . . .—— . . . ..— ,. .-. ___.—-L... _ ..— — —--. — ——— –——. —
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Iartiallyoffsetby thistail-dragincrease.
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lKfectsofAirfoilThiclnese

.

Theresultsoffigure6 showthat,exceptforthemostrearward
~ositionsofthetiilsurfaces,theba&+pressureincrementforthe
fiercent-thicksurfaceswasabouthalfthatforthel~ercenfithick
surfaces.Thisresult,whichish agreementwiththesimplified
.anaQticalresd.t(fig.6),isreasonabbsincetheairfoilpressures
tirepro~ortionaltothelocalslopesofthesurfacewhichin-turn
directiyproportionaltothemaximumthicknessratio.

~fect ofNumberofTailSurfaces

withthoseof
base+ressure

are

the

tail iurfaces.How-

A comparisonoftheresultsfortheplanetail
crucifozmtail(fig.6)showsthat,ingemeral,the
incrementwasticreasedby increasingthenmber of
ever,thisticremrmtwasnotdirectl.ypro~ortionalto thenumberoftail
surfaces,asthebas~ressureincrementduetothecruciformtailin
mostcaseswaslessthantwiceasmuchasthatduetotheplanetail.
Thisresultindicatesthattheinfluenceof eachtailsurfacecmthebase
pressurecannotbe consideredtidependently,inasmuchasa si@ficant
interactioneffectcmthebasepressureexistsbetweenthepanelsofa
‘multiple-tailconfiguration.A comparisonoftheseresultswiththe
estimatedvaluesshowsthat,inallcases,themaximumbase+ressure
decrementsduetotheplanetailareh closeagreementwiththeesti-
matedvalues;whereasthecorrespondingvaluesareoverestimatedforthe
crucifomntallsurfaces.Thisdifferenceispresumablyduetonedecting,
h these
adjacent

calculations,anyinteractionbetwe~theyre&urefield:ofthe
panelsofa cruciform@.

lffectsofMachI?uuiber

Theresultspresentedinfi~e 6 showthatan increaseinMach
ntier frm 1.5to2.0wasaccompaniedby a generalreductioninthe
magnitude-ofthebas~essure incrementduetothetailsurfacesand
by a changeh thevariationofthisincrementwithtailposition.The
formereffectaccordingtothesimplifiedanalysisistheresultofthe
decreaseintheabsolutemagnitudeoftheairfoilpressurecoefficients
withincreasingMachnumber,andthelattereffectisattributableto
thechangeininclinationofthelinesofconstantairfoilpressureas
discu9sedpreviously.

.
.-
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A comparisonoftheresultsofthepresentinvestigationwiththose
fromyrevioustestsis showninfigure7 forthebodytithouttailsm-
facesandwiththecruciformtaillocatedat x/c= O. l?hebody-tail ~
configurationtivestigatedinreferences4 and7 wasessentiallythesame
as thatoftheyresentt-9sts.Figure7 showsthatthepresentbase-
pressureresultsareinessentiala@eementwithpreviousresultsfor
thebodyaloneatbothMachnumbersinvestigatedandforthebodywith
tailsurfacesatM=2.0.AtM=l.5,however,thebase+ressurecoefficient
measuredinthe~resemttestswasmorenegativethanthecorresponding
resultfromreference4. Althoughtheexplanaticmforthisclifference
at*1.5 isnotknown,theresultsofthepresentinvestigationserveto
indicatethatthelnflumceoftailsurfacesonthebasepressureis
largeenoughtoaccomtforthediscrepancybetweenpreviousbase-
~ressureresultsfora bodywithtailsurfaces(reference4) andthosefor
bodieswithouttailswfaces(references1,2,and3).

DesignConsideratims

Theforegoingresultsshowthattheyreeenceoftailsurfacesnear
thebaseofa bodyofrevolutioncanresultina largeticreaseinthe
basedragat supersonicsleeds.In additionto themajorfactorsinves–
tigatedinthesetests(taillocatim,airfoilthickness,nmber oftail
surfaces,and~ch number),thema~tude ofthisbas+ag Increaseis
alsoexpectedtobe a fuuctimofsuchdesignvaiablesas thetailplan
form,airfoilsection,andthetailp=omn arearelativeto thebase
area. Theintroductionof sweeportaperintothetailplanformwould
tendto changethebase-dragincrementduetothetailsurfacesasa
resultofthechangeinthepressuredistributimnearthetailroot
section.Thebasedragisa functionofthetailairfoilsectionby
virtueaf theairfoil-thicknessdistributionandhencethepressuredis–
tributim.Fora tailsurfacehavingthetrailingedgenearthebase,
airfoilsectionshavingsmalltrailing-edgeangles,suchasa dotile-
wedgeora blunt+wailing-edgesection,appeartobe themostfavorable
sincethepressurecoefficientsfortheseairfoilsaresmallinthe
regionofthebodybase.

Theresultsgiveninfigure6 indicatethat,in ordertoavoidor
minimize* base+ag increaseduetotailsurfaces,thetailshouldbe
placedwellaheadoforbehindthebaseofthebody.Movementdfthe
tailforward,however,entailsan increaseh thetailareatomaintati
a givenstaticmargin.Thisincreaseinthetailareawouldresultin
an increaseh thedragofthetailandhencewouldpartia13yoffsetthe
reductioninbasedragdueto thefo- movementof thetailsurfaces.
Movementofthetailsurfacesbehindthebaseincurs,inadditiontoan
increaseintaildrag,structuralcomplicationsleadingtoa weight
~enal~. A possiblemethodforcircumventingthesedifficultiesisthe
additionofa thinshe.Ubehindthebasehavingthesamediameteras the

.-—. — —.— —.-——.. .— ——.— -..-—— — —.———— ---- -——
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body.Withthisbodyexknsionthetailsurfacescouldbe farenough
aheadofthebaseto eliminateanyeffectofthetailonthebasedrag.
Thesmalladditionalfrictiondragcausedby thebodyextensionwould
bepertiallyorwhollyconqxnmatedby thereductioninthetailarea
yermittedby therearward center-of~ressureshiftduetothebody
etiension.

coIwmsIoNs

*
Wtid.-tunneltestswereperfomnedatMachnmibersof1.5and2.0to

investigatetheeffectoftailsurfacescmthebasepressureofan
unboattailedbodyofrevolutionhavinga turbulentboundaryhyer. The
tailsurfaceswereofrectangular.ylanformandhada symmetrical“
circular-arcairfoilsectim. Theresultsarecomparedtithestimated
valuesbasedona sim@e superpositiond theairfoil~ressurefield
ontothebase~ressurefieldbehindthebody. Thefollow3ngconclusions
havebeendrawnfrm theresultsoftheinvestigatim:

1. Theadditionoftailswfaceswiththetrailingedgesnearthe
baseofthebodyresultedina largeincreaseinthebasedrag.Fora
cruciformtailhavinga l@ercen&thickairfoilsection,thisincrease
wasabout70percentata Machnumberof1.5and35‘percemtata Mach
numberof2.0. As thetailwasmovedforwardorafto?thislocation
by aboutonetail-chordlength,thisbas~ag incramentwaseliminated.
Withthetallleadingedgelocatedat thebaseofthebody,thebasedrag
waslessthanforthebodyalone.Hbwever,movementofthetail-surface
trai~ edgestopositionsbehindthebaseresultedinan increasein
thedragofthetailsurfaces.

2. 5 est*ted variationofthebase-dragticrementwithaxial
taillocationwassimilartotileexpezzbnentaltrendinmostcases;
hmmver,thequantitativeagreementwiththee~erimentalmeasurements
generallywa”spoor.

3. Theticrementinbaseibagduetothepresenceoftailsurfaces
wasessentiallytideyendentofRemoldsnumberfroma valueof2 miKlion
to6 millionbasedonthebodylength. P ‘

4. Thebase-dragincrementsdubtothepresenceoflC+percen&thick
tailsurfaceswereessmitiallytwicethosedueto fiercent-thicksurfaces.
Theincrementsduetoa cruciformtailwerelessthantwicethosedueto

.,

.

a planetail.

5. Themaximumincreasein
ofthetailsurfaceswasreduced

AmesAeronauticalIaborato~,
NationalAdvisoryCommittee

MoffettField,Calif.,

base-dregcoefficientduetothe~rese&ce
by an ticreaseinMachnumber.

.

forAeronautics,
March7,1951.
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FigUre l.- Comparison of experimental base-pressure doto for turbukwn’boundary -lu~r
f/ow on bodies of revolution without boat tol/ing.
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(U) Modeldi~@flSiOflS.

Figure2.–Modelund SUppOrf..
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Figure3.- Bose-pressuresurvey-role instolhtion.

I Regionof uniformhosepressure. -
2 Regionof influenceof toil surfaceson hose pressure.

Airfoil thickness
pressurefield

Figure4.- Sketchof simplifiedflow field in the neighbor-
hood of the hose of o body- toil cornbhotion.
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(a) M = 1.5 .

Figure5- Variationof base- pressun9coefficient
numbek;cruciformtail, t/c = 0.10, roughness
body.
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